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ABSTRACT 


A new genus and species of cylindrodont ro- 
dents, Proardynomys borkhoii, from the middle 
Eocene Mergen locality of the Eastern Gobi, 
Mongolia, is among the earliest cylindrodontids 
of Asia. Comparisons with cylindrodontids, sci- 
urids, aplodontids, ischyromyids, and ctenodac- 
tyloids show that P. borkhoii is most similar to 
Ardynomys olseni of the Cylindrodontidae in hav- 
ing the p4 trigonid basin open anteriorly; the low- 
er molars with two anterior and one posterior root; 
the metalophid II extending from the protoconid 
toward the metaconid and enclosing a small tri- 
gonid basin; a short ectolophid bearing no meso- 
conid; the hypoconid projecting anterolabially; 
the entoconid separated from the posterolophid 
but connected with the ectolophid in front of the 
hypoconid by a complete hypolophid; the meta- 
stylid crest and entoconid separated by a narrow 


gap at the lingual edge of the tooth; a strong pos- 
terolophid bearing no hypoconulid; and the lower 
incisor with uniserial enamel ultrastructure. It dif- 
fers from A. olseni in having a rounded ventral 
surface on the lower incisor; the molar teeth lower 
crowned and the trigonid higher than the talonid; 
the lophs and lophids narrower and less well de- 
veloped; the hypoconid not unicuspal hypsodont; 
the anterior part of the talonid basin wide open; 
and a lower metastylid crest bordering the lingual 
margin of molars. A recent proposal of a sister 
group relationship between Cylindrodontidae and 
Ctenodactylidae is reviewed and is rejected be- 
cause of insufficient evidence. The possibility that 
the Cylindrodontidae are related to sciuromorphs, 
particularly Sciuridae and Aplodontidae, is spec- 
ulated; these taxa may have been derived from an 
ischyromyid stock. 
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INTRODUCTION 


As part of a Mongolian—American pale- 
ontological project that was organized by the 
Mongolian Academy of Sciences and Amer- 
ican Museum of Natural History, in 1991 and 
1992 the senior author screenwashed bone- 
bearing deposits at the middle Eocene Mer- 
gen locality of the Eastern Gobi. Numerous 
remains of small mammals were collected 
from the light-gray sandy clay of the Mergen 
sections. The Mergen sediments are biostra- 
tigraphically correlative to the Tsagan Tsav 
assemblage and are estimated as middle Eo- 
cene. Fossils known from Mergen include 
two rodents (a new ctenodactyloid species 
[Dashzeveg and Meng, 1998] and Yuomys 
sp.); a tupaiodontine insectivore (Zaraales- 
tes); a lagomorph (Gobilagus sp.); and two 
tapiroids (Lophialetes expeditus and Brevio- 
don minutus). Here we describe a new cylin- 
drodont from the Mergen locality. If the age 
determination of the Mergen sediments is 
correct, this new taxon is among the earliest 
cylindrodonts of Asia, and its morphology 
sheds new light on the relationships of Cy- 
lindrodontidae. 

Cylindrodontidae are protrogomorphous 
rodents found in Asia and North America 
(Emry and Korth, 1996a). This family con- 
tains about 10 genera, most of which are 
from the Eocene and Oligocene of North 
America and some of which are from Asia 
(Emry and Korth, 1996a; McKenna and Bell, 
1997). The new taxon described here is most 
similar to, but more primitive than, Ardyno- 
mys. The latter occurs in late Eocene of Asia 
and North America. Based on our analysis, 
we agree with other workers that the Cylin- 
drodontidae does not belong to Hystricog- 
nathi or Hystricognathiformes (Bryant and 
McKenna, 1995). We disagree with Averi- 
anov (1996) that Cylindrodontidae and 
Ctenodactylidae form a sister-group relation- 
ship. The new data support the assessment 
that cylindrodontids are a primitive group of 
rodents, not far derived from the protrogo- 
morphous-sciurognathous rodent stock 
(Emry and Korth, 1996a) and are probably 
related to Sciuridae and Aplodontidae. 

Because little is known about the upper 
molars of the new taxon, we found it pre- 
mature to conduct a phylogenetic analysis for 


the Cylindrodontidae. We therefore focus our 
comparisons and discussion primarily on mor- 
phologies and taxonomy. The anatomical ter- 
minology for tooth structures is illustrated in 
figure 1. 


SYSTEMATICS 


ORDER RODENTIA BOWDICH, 1821 
FAMILY CYLINDRODONTIDAE MILLER AND 
GIDLEY, 1918 


Proardynomys, new genus 


ETyMoLocy: Pro- (Latin) means “‘before’”’ 
and implies a cylindrodont rodent that is 
more primitive than Ardynomys. 

TYPE SPECIES: Proardynomys borkhoii, 
new species. 

DIAGNOSIS: Proardynomys differs from 
other cylindrodonts in having lower crowned 
molars, less-developed lophids, higher tri- 
gonid, lower and narrower hypoconid, broad- 
er and more open mesosinusid, and oval- 
shaped cross section of the lower incisor. It 
differs from other Eocene rodents in having 
complete protoloph, no conules on M1, short 
but strong ectolophid bearing no mesoconid, 
hypoconid extending anterolabially, meta- 
stylid crest and entoconid separated by a nar- 
row gap at the lingual edge of the tooth, 
strong posterolophid bearing no hypoconu- 
lid, and slim but complete hypolophid ex- 
tending from a distinct entoconid to the ec- 
tolophid in front of the hypoconid. 


Proardynomys borkhoii, new species 
Figures 2—3 


HoLotTyPe: PSS 41-30 (Paleotology and 
Stratigraphy Section of Geological Institute, 
Mongolian Academy of Sciences), a frag- 
mentary left mandible with p4—m3. 

REFERRED SPECIMENS: PSS 41-29, a frag- 
mentary left mandible with m1 and m2; PSS 
41-39, an isolated right M1. 

LOCALITY AND AGE: Quarry 2 of the Mer- 
gen locality, Eastern Gobi Desert, middle Eo- 
cene. 

Dracnosis: As for the genus. 

ETYMOLoGy: The species is named for the 
steppe Borkhoi of the Eastern Gobi. 

DESCRIPTION: The anterior edge of the 
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Fig. 1. 


Terminology of molar structures (following Wang, 1997a, except for msc, nt, and postld). 


Abbreviations: ac, anterior cingulum; ectld, ectolophid; end, entoconid; hy, hypocone; hyd, hypoconid; 
hylpd, hypolophid; me, metacone; med, metaconid; meld I, metalophid I; meld II, metalophid II; mtsld, 
metastylid crest; mss, mesosinus; mssd, mesosinusid; nt, notch; pa, paracone; postid, posterolophid; 
post sd, posterosinusid; postl, posteroloph; pr, protocone; prd, protoconid; prl, protoloph; ps, poster- 


osinus; sd, sinusid; and tridb, trigonid basin. 


masseteric fossa is below the posterior half 
of m2 on PSS 41-29. What has been pre- 
served of the ascending ramus suggests 
sciurognathy. A single mental foramen is an- 
teroventral to the p4 on the lateral side of the 
mandible. The incisor is located beneath the 
tooth row and ends in the ascending ramus 
posterolateral to the m3. The ventral surface 
of the incisor is rounded, its cross section is 
oval (3.6 mm maximum depth and 2.3 mm 


Fig. 2. Left partial mandibles of Proardyno- 
mys borkhoii (above, the holotype [PSS 41-30], 
and below, referred material [PSS 41-29]) from 
the middle Eocene Mergen locality, Eastern Gobi 
Desert, Mongolia. Scale bar = 5 mm. 


maximum width), and the ventral and most 
of the lateral surfaces are covered with enam- 
el. The diastema measures 11 mm. The tooth 
row is slightly arched labially. The p4 has 
two roots and is narrower anteriorly than 
posteriorly. Its protoconid and metaconid are 
well developed and are separated by a lon- 
gitudinal groove anteriorly; the two cusps are 
equal in diameter, but the metaconid is much 
higher than the protoconid. The metalophid 
I is absent, and the metalophid II is low, con- 
necting the two trigonid cusps posteriorly. 
The posterior surfaces of the protoconid and 
metaconid form a gentle slope that continues 
into a broad talonid. The hypoconid is large 
and anterolabially extended. The ectolophid 
runs posterolabially from the protoconid to 
the anteromedial side of the hypoconid. 
There is no mesoconid on the ectolophid. 
The sinusid is deep and opens anterolabially. 
The hypoconid extends lingually to form the 
posterolophid, on which no hypoconulid is 
distinguishable. The entoconid is at the lin- 
gual edge of the tooth, from which a weak 
hypolophid extends to the ectolophid. Be- 
tween the hypolophid and posterolophid is a 
transverse valley, the posterosinusid, which 
opens lingually. Dentition measurements are 
given in table 1. 

The lower molars are low crowned and 
have two anterior and one posterior root. The 
m1 and m2 are similar to each other except 
that the m2 is larger and ‘has a wider trigonid. 
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Fig. 3. Proardynomys borkhoii: a and b, the crown and lateral views of left p4-m3 of holotype (PSS 
41-30); ¢ and d, the crown and lateral views of left ml and m2 of PSS 41-29; and e, the crown view 
of the right M1 of PSS 41-39. Scale bar = 2 mm. 
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TABLE 1 protoconid. The hypolophid is less well de- 
Measurements (in mm) of Proardynomys bork- veloped than those of m1 and m2. The pos- 
hoii terior end of the tooth is rounded. 
eae The protocone of the M1 is aligned with 
: and Width the paracone. The hypocone, if any, is weak. 
dentition Length (tri/tal)+ The paracone and metacone are marginal, an- 
(PSS 41-30) teroposteriorly compressed. The protoloph 
z iio eae and metaloph are strong and converge on the 
B ; en as protocone, making a V-shaped structure. 
ml 3.82 2.90/3.44 g vee 
m2 4.10 3.46/3.38 Conules are absent. Anterior and posterior 
a 4.36 3.45/3.26 cingula are present but are lower than the 
protolophid and metalophid. There is no 
PSS 41-29 
mesostyle. 
a ae pie Because of the limitations of the specimen, 
. weie only the longitudinal section of the lower in- 
PSS 41-39 cisor enamel from the referred specimen 
Ml 3.70 4.24 


¢ Trigonis/talonid. 


Owing to wear of the labial side of the tooth, 
the protoconid is much lower than the meta- 
conid. The straight metalophid I connects the 
two trigonid cusps and forms the anterior 
edge of the tooth. The metalophid II extends 
anterolingually to the labial side of the meta- 
conid and encloses the trigonid posteriorly. 
With wear, the trigonid becomes a small, iso- 
lated basin in an oval or diamond shape. A 
low metastylid crest extends posteriorly from 
the metaconid, defining the lingual edge of 
the tooth. The ectolophid is short but strong 
and, with wear, becomes confluent with the 
protoconid anteriorly and the hypoconid pos- 
teriorly. The mesoconid is absent. As in p4, 
the sinusid is deep and the hypoconid pro- 
jects anterolabially. The hypoconid and pro- 
toconid are at the same height after wear. The 
entoconid is more prominent than on p4 and 
is positioned on the lingual edge of the mo- 
lars. The hypolophid is complete, extending 
from the entoconid to the ectolophid anterior 
to the hypoconid. Because of its posterior po- 
sition, the hypolophid divides the talonid ba- 
sin into a narrow posterosinusid posteriorly 
and a broad mesosinusid anteriorly. A nar- 
row notch separates the metastylid crest and 
the entoconid. The posterosinusid separates 
the entoconid from the posterolophid on the 
lingual side of the tooth. The posterolophid 
is strong but a hypoconulid is not developed. 

The m3 is slightly longer than the m2. Its 
metaconid leans more anteriorly than does its 


(PSS 41-29) was studied. An SEM photo- 
graph (fig. 4a) shows that the enamel ultra- 
structure of P. borkhoii is most comparable 
with, but not typical of, the uniserial enamel 
(Korvenkontio, 1934; Koenigswald, 1985; 
Wahlert, 1989; Martin, 1992). The enamel is 
thinner than that of Ardynomys olseni (figs. 
3, 4) but is similar in that the two layers of 
the enamel are roughly equal in thickness. 
The Hunter-Schreger bands (HSB) in the in- 
ner layer (portio interna) are inclined toward 
the tip of the incisor in the longitudinal sec- 
tion. Although the bands are one prism wide, 
the boundaries between decussating bands 
are not as well defined as in the enamel of 
A. olseni. The orientations of prisms in the 
outer layer (portio externa) are not clearly 
revealed from the longitudinal section, but it 
appears that they do not bend sharply api- 
cally as in A. olseni. The crystallites of in- 
terprismatic matrix (IPM) are roughly per- 
pendicular to the enamel—dentine junction 
and have a small angle to the direction of the 
prisms. 


COMPARISONS WITH RELATED TAXA 


ARDYNOMYS: Proardynomys is comparable 
with Ardynomys in general morphology and 
is most similar to A. olseni in tooth mor- 
phology and enamel microstructures (figs. 4— 
6). Ardynomys olseni was originally de- 
scribed by Matthew and Granger (1925) 
from the ‘‘early Oligocene’? Ardyn Obo (= 
Ergilin Dzo; see Dashzeveg, 1996) Forma- 
tion of Mongolia; the formation is now con- 
sidered late Eocene because of the new 
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Fig. 4. a, Longitudinal section of the lower incisor of Proardynomys borkhoii (PSS 41-29); b, 
longitudinal section of the lower incisor of Ardynomys olseni (AMNH 20371); and c, longitudinal section 
of the lower incisor of Ardynomys occidentalis (no AMNH catalog number; specimen label: Mont. 14- 
145, McCarrthys Mt.). The tip of the tooth is to the right in a and c and to the left in b. 
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Ebhasky Ksa@e¢)'/4), 


and A. occidentalis (no AMNH catalog number; specimen label: Mont. 14-145, McCarrthys Mt.). 


placement of the Eocene—Oligocene bound- 
ary for the Mongolian Paleogene (Meng and 
McKenna, 1996, 1998; Wang, 1997a; but see 
Dashzeveg, 1993, 1996). Four additional 
species of Ardynomys have been reported: A. 
vinogradovi from the late Eocene Ergilin 
Dzo Formation (Shevyreva, 1976; fig. 4c); A. 
Kazachstanicus from middle Oligocene beds 
in Kazakhstan (the beds may well be early 
Oligocene by our age determination) (Vino- 
gradov and Gambarian, 1952: fig. 4d); A. oc- 
cidentalis from the Chadronian of North 
America (Burke, 1936; Wood, 1970, 1974; 
Korth, 1992); and A. russelli from the late 
Eocene Alag Tsab locality of Mongolia 
(Dashzeveg, 1996). 

Ardynomys olseni is more primitive than 
are other species of the genus except possibly 
A. russelli, in which molar morphology is 
unclear because of deep wear of the teeth. 
Ardynomys kazachstanicus, A. vinogradovi, 


and A. occidentalis share some more derived 
features, such as having more rounded tooth 
crowns, stronger lophids, more anteriorly po- 
sitioned hypolophids, more reduced trigo- 
nids, and more prominent hypoconids (fig. 
6). Based on A. olseni as the representative 
of Ardynomys, Proardynomys and Ardyno- 
mys are comparable in the following features. 
The p4 trigonid basin opens anteriorly. Low- 
er molars have two anterior and one posterior 
root. The metalophid II extends from the pro- 
toconid toward the metaconid and encloses a 
small trigonid basin. The ectolophid is short 
but strong, bearing no mesoconid. With wear 
the ectolophid connects the protoconid and 
hypoconid. The hypoconid projects antero- 
labially so that the sinusid is deep and opens 
anterolabially. The entoconid is distinct and 
separated from the posterolophid. The hy- 
polophid is long and complete (weaker on p4 
and m3) and joins the ectolophid in front of 
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Fig. 6. A comparison of lower cheek teeth of a and b, Ardynomys olseni (based on Wood, 1970); 
c, A. vinogradovi (based on Shevyreva, 1976); d, A. kazachstanicus (based on Shevyreva, 1976); e, 
Pseudocylindrodon (based on Wang, 1986); and f, Prosciurus relictus (based on Wang, 1986). Some 
illustrations have been photographically reversed to facilitate comparison with figure 2. Figures are not 
to scale. 
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the hypoconid. The hypolophid does not mi- 
grate anteriorly, and a narrow posterosinusid 
is formed between the posterolophid and hy- 
polophid. The metastylid crest and the ento- 
conid are separated by a narrow gap at the 
lingual edge of the tooth. The posterolophid 
is strong, but the hypoconulid is not present. 
The wear pattern of the protoconid—hypocon- 
id is similar. The lower incisor has uniserial 
enamel ultrastructure. 

We take this opportunity to clarify an un- 
certainty about the ultrastructure of the in- 
cisor enamel in Cylindrodontidae. Observa- 
tions of this structure in early cylindrodonts 
were inconsistent and confusing. Emry and 
Korth (1996a), citing Wahlert (1968), consid- 
ered uniserial enamels as a general condition 
for cylindrodonts, although Wahlert (1968) 
observed the enamel of only Cylindrodon 
fontis. Citing Martin (1992), Bryant and Mc- 
Kenna (1995) believed that Dawsonomys, 
Mysops, and Ardynomys have pauciserial 
enamel. The pauciserial condition in Ardyn- 
omys is also implied by Averianov (1996). 
In fact, however, Martin (1992: plate 4, figs. 
1 and 2) described the enamel of Ardynomys 
as uniserial and that of Dawsonomys and My- 
sops as pauciserial. Because the specimen 
Martin used is from “‘Ardynomys sp. indet.”’ 
and because the images he illustrated appear 
incomplete, we here provide additional evi- 
dence of enamel ultrastructure from A. olseni 
and A. occidentalis (figs. 4, 5). Our study 
shows that the enamel of A. olseni is uni- 
serial and is consistent with the observation 
by Martin (1992). Therefore, within the fam- 
ily Cylindrodontidae, the uniserial condition 
is confirmed in Ardynomys and more derived 
taxa, whereas the pauciserial enamel occurs 
in only Dawsonomys and Mysops. However, 
although incisor enamels of A. olseni and A. 
occidentalis are similar in having a thick por- 
tio externa, they differ in some details. In A. 
olseni the HSB of the portio interna is well 
defined and the IPM of the portio externa 
forms narrow laminae. In A. occidentalis the 
HSB of the portio interna is less defined, the 
number of prisms in each band is fewer than 
in A. olseni, and the IPM of the portio ex- 
terna forms broader laminae. These struc- 
tures show that certain variation of enamel 
microstructure is present among congeneric 
species. Although we consider the enamel 


DASHZEVEG AND MENG: CYLINDRODONT RODENT FROM MONGOLIA 9 


microstructure in Proardynomys as uniserial, 
it is less typical than that of A. olseni and A. 
occidentalis and is certainly more derived 
than that of Mysops (Martin, 1992: plate 6, 
figs. 4, 5). The Proardynomys condition may 
represent a transitional stage between the 
pauciserial and uniserial conditions within 
the lineage of cylindrodontids. 

Although Proardynomys has the basic 
tooth morphology of Ardynomys, it differs 
from Ardynomys in: having the following 
primitive conditions. The ventral surface of 
the incisor is rounded and the enamel struc- 
ture is less typical of the uniserial condition. 
The molar teeth are lower crowned, and the 
crown surface is not flat. The trigonid, par- 
ticularly the metaconid, is significantly high- 
er than the talonid. The lophs and lophids are 
narrower and less well developed. The hy- 
poconid is less expanded and is not unicuspal 
hypsodont. The width to length ratio of 
cheek teeth is smaller than that in Ardyno- 
mys. The m3 is less reduced and is not oval 
shaped. The talonid basin is more open. The 
metastylid crests bordering the lingual mar- 
gin of molars are lower. 

OTHER CYLINDRODONTs: The earliest record 
of a possible cylindrodont rodent is Dawson- 
omys woodi (Gazin, 1961) from the Wasat- 
chian (early Eocene) of North America, but 
placement of this species in the Cylindro- 
dontidae is questionable (Korth, 1984; Emry 
and Korth, 1996). Dawsonomys woodi lacks 
several features that we consider typical of 
cylindrodontids. Its tooth cusps are more bul- 
bous than lophate. The protoconid and hy- 
poconid are far apart from each other and, 
unlike the condition in cylindrodonts, the hy- 
poconid does not project anterolabially. A 
mesoconid exists on ml (which is the only 
known molar), whereas in cylindrodontids 
the mesoconid is absent. The sinusid is shal- 
low and broad, in contrast to a deep and nar- 
row sinusid in cylindrodontids. Although the 
hypolophid is present, it extends posterola- 
bially to join the hypoconid, as in the case 
of some early ctenodactyloids such as Tam- 
quammys (Dawson et al., 1984); in cylindro- 
donts, the hypolophid extends labially to join 
the ectolophid anterior to the hypoconid. 
Korth (1984) also noticed similarities be- 
tween Dawsonomys and early Asian cteno- 
dactyloids, such as the trigonid structure of 


10 AMERICAN MUSEUM NOVITATES 


p4 and m1; however, the fragmentary mate- 
rial prevents any conclusive relationship. 
The Bridgerian (middle Eocene) Mysops 
from North America is probably an unques- 
tionable cylindrodont (Wilson, 1938, 1949; 
Korth, 1984; Emry and Korth, 1996a). Tong 
(1997) recently reported comparable Mysops 
material from the middle Eocene Irdinman- 
han of Henan, China, and pointed out that 
the material is younger but less specialized 
than the North American Mysops. Because 
Tong’s new materials are a few isolated teeth, 
taxonomic assessment is difficult. Compared 
with the North American Mysops, Proardyn- 
omys iS more primitive in having lower- 
crowned teeth, a higher metaconid on the tri- 
gonid, and a less expanded and elevated hy- 
poconid. The p4 and molars are less lophate, 
the talonid basin of molars is broader, the 
posterosinusid is less developed, and the 
cheek teeth are less rounded in outline. How- 
ever, the uniserial enamel microstructure of 
Proardynomys is more derived than the pau- 
ciserial condition of Mysops (Martin, 1992). 
The genera Morosomys and Sepulkomys 
were described as cylindrodonts by Shevy- 
reva (1976). Emry and Korth (1996a) con- 
sidered Morosomys a synonym of Tsagano- 
mys. In a thorough study of Tsaganomys, 
Bryant and McKenna (1995) suggested Se- 
pulkomys a synonym of Tsaganomys but did 
not mention Morosomys. Other workers still 
consider Morosomys a cylindrodont (Dash- 
zeveg, 1996; Tong, 1997; Tyutkova, 1997). 
Morosomys was regarded as a junior syno- 
nym of Tsaganomys in the new mammal 
classification (McKenna and Bell, 1997). 
Judging from the illustration of Morosomys 
(Shevyreva, 1976), it is clear that the rela- 
tively low-crowned cheek teeth of Moroso- 
mys differ significantly from those of Tsa- 
ganomys. In general, worn and unworn cheek 
teeth of Tsaganomys (Bryant and McKenna, 
1995: fig. 11) are much more derived than 
those of Morosomys. Morosomys is probably 
a valid taxon, although its taxonomic rela- 
tionship is debatable. The lower teeth of Mo- 
rosomys ate similar to those of Proardyno- 
mys in general shape, development of the hy- 
polophid, and a weak or absent mesoconid. 
It differs from Proardynomys and other cy- 
lindrodonts in having a longer trigonid and 
the metalophid II (the posterior arm of the 
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protoconid) short or absent; when the 
metalophid II is present, it extends postero- 
lingually. In addition, the m3 of Morosomys 
bears a distinctive mesostylid. Upper teeth of 
Morosomys are unknown, preventing further 
comparison. Morosomys also shows some 
similarities to the aplodontid Prosciurus. The 
most significant difference between the two 
is a well-developed mesoconid on the lower 
cheek teeth of Prosciurus. Discovery of up- 
per teeth and study of the enamel ultrastruc- 
ture may clarify the taxonomic position of 
Morosomys. 

The cylindrodont genus Orientocylindro- 
don (Tong, 1997) from Henan, China, is 
based on only upper teeth, which makes its 
comparison with other taxa difficult because 
most Asian cylindrodonts are represented by 
lower dentition. Tong noted, however, that 
these teeth have distinct hypocones and that 
their lingual surfaces are square shaped, in 
contrast to the rounded outline in other cy- 
lindrodonts. 

Polinaomys was described recently from 
the early Oligocene Chlkarnura Formation of 
Kazakhstan (Tyutkova, 1997). Tyutkova con- 
sidered this new taxon “‘a more archaic form 
[than, e.g., Pseudocylindrodon] lacking in 
well-pronounced features denoting speciali- 
zations for digging.’’ Unfortunately, the de- 
scription of the new material was apparently 
erroneous in several aspects, such as “P4 is 
conical” and “‘P3 is rectangular,’”’ to give a 
few examples. The identifications of the teeth 
are also highly questionable. For instance, 
the “‘p4’’ is probably a dp4 because of its 
elongated shape and its deeper wear than on 
molars. The same is true for the “‘P3 and P4” 
of Polinaomys; that is, the “‘P3’’ is possibly 
a dP3. (Our considerations have been con- 
firmed by personal communication with 
Emry, National Museum of Natural History, 
who made personal observations of the spec- 
imens.) Thus, the presence of P3 in Polina- 
omys has yet to be confirmed. In Cylindro- 
don, P3 is usually lost but a conical dP3 is 
present (Black, 1965; Emry and Korth, 
1996a), which is also shown in a specimen 
of Cylindrodon frontis that we examined (un- 
cataloged AMNH specimen: Mont. Box 121, 
West Exposure, Pipestone Springs, Mon- 
tana). Judging from the illustrations (Tyut- 
kova, 1997: fig. 1), the teeth of Polinaomys 
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are more rounded in crown view and more 
lophodont than those of Proardynomys, and 
the entolophid is anteriorly positioned, as in 
later cylindrodonts. 

Other cylindrodonts include Anomoemys 
(Wang, 1986), Pseudocylindrodon (Burke, 
1935, 1938), Cylindrodon (Douglass, 1901; 
Emry and Korth, 1996a), Pareumys (Black, 
1970, 1974), Jaywilsonomys (Ferrusquia and 
Wood, 1969), possibly Sespemys (Wilson, 
1934; Wood, 1980; McKenna and Bell, 
1997; but see below), and Downsimys (Flynn 
et al., 1986; McKenna and Bell, 1997). These 
taxa are more derived than Proardynomys in 
having cheek teeth with higher crowns and 
additional lophodonty, as illustrated by Pseu- 
docylindrodon (fig. 6e). In their brief review 
of the Cylindrodontidae, Emry and Korth 
(1996a) considered that Ardynomys and An- 
omoemys are the only cylindrodonts known 
from Asia, without commenting on the status 
of Pseudocylindrodon mongolicus reported 
from Mongolia (Kowalski, 1974; Shevyreva, 
1976). Occurrence of Pseudocylindrodon in 
Asian Oligocene is regarded as possible in 
the classification by McKenna and Bell 
(1997). Anomoemys is from the ‘“‘middle Ol- 
igocene’” Hsanda Gol Formation of Mongo- 
lia (Matthew and Granger, 1923); that for- 
mation is now considered to be early Oli- 
gocene (Bryant and McKenna, 1995; Meng 
and McKenna, 1998; McKenna et al., in 
prep.). Pseudocylindrodon is also known 
from North America (Burke, 1935; Korth, 
1992; Emry and Korth, 1996a), whereas An- 
omoemys remains monotypic, containing 
only A. lohiculus (= Prosciurus lohiculus; 
Wang, 1986) from Asia. Some taxa that have 
been previously placed in Cylindrodontidae, 
such as Tsaganomys, have been removed 
from the family (Bryant and McKenna, 
1995; Emry and Korth, 1996a). 

SCIURIDS: The earliest known sciurids are 
from the latest Eocene of North America and 
Oligocene of Europe. The North American 
forms are represented by Douglassia jeffer- 
soni (Black, 1963; Emry and Thorington, 
1982; Korth and Emry, 1991; Emry and 
Korth, 1996b), although the placement of 
Douglassia jeffersoni in the family Sciuridae 
has been questioned by others because of its 
protrogomorphous zygomatic morphology 
(Vianey-Liaud, 1974, 1985; Wood, 1980). 
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Vianey-Liaud considered the European Pa- 
laeosciurus goti the earliest true sciurid. Fos- 
sil sciurids are rare in Asia, and unquestion- 
able species are known only in the Neogene 
(Korth, 1994). 

Detailed comparison shows that sciurids 
differ from Proardynomys in several aspects. 
The metaconid of sciurids is significantly an- 
terior to the protoconid. The molar cusps are 
bulbous and marginally placed. The entoco- 
nid connects the posterolophid to form a 
ridge on the posterolingual margin of molars. 
The hypolophid is generally absent or weak- 
ly developed, as in Douglassia jeffersoni 
(Emry and Korth, 1996b). The talonid basin 
is broad because of the absence of the hy- 
polophid and the marginally positioned 
cusps. The ectolophid is relatively long and 
labial, bearing a distinct mesoconid. The pro- 
toconid and hypoconid are distantly separat- 
ed. The sinusid is shallow and broad. The 
lower cheek teeth are wider than long and 
have two roots in early forms and four roots 
in later ones. In addition, the anterior edge 
of the masseteric fossa on the mandible of 
Proardynomys is more posteriorly positioned 
below posterior m2, whereas in sciurids the 
anterior limit of the masseteric fossa is below 
the posterior root of m1 or farther anteriorly 
(Emry and Korth, 1996b). Owing to the an- 
terior extension of the metaconid and the fu- 
sion of the entoconid and posterolophid, the 
crown outline of sciurid molar is somewhat 
rhomboid, with the long axis passing through 
the metaconid and hypoconid and the short 
axis through the protoconid and entoconid. 
The upper molar of Proardynomys lacks con- 
ules and is more lophate than early sciurids, 
such as Douglassia, Palaeosciurus, and other 
forms (Black, 1963). Additional characters of 
sciurids are summarized by Korth (1994). 

APLODONTIDS: A comparison between cy- 
lindrodonts and aplodontids is warranted for 
the reason that at least two taxa, Anomoemys 
lohiculus and Sespemys, have been placed 
once in either of the Cylindrodontidae or 
Aplodontidae. A review of studies about the 
taxonomic position of A. lohiculus has been 
provided by Wang (1986), who concluded 
that A. lohiculus is a cylindrodont, not an 
aplodontid. When Sespemys was described 
(Wilson, 1934), its taxonomic position was 
unclear, although it was assigned to Ischy- 
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romyidae and was believed to be intermedi- 
ate between Ischyromys and Sciurus. Sespe- 
mys was then considered a cylindrodont by 
several workers (Burke, 1936; Wood, 1937, 
1980; Simpson, 1945). Alternatively, Korth 
(1994) considered Sespemys a primitive aplo- 
dontid. The study histories of Sespemys and 
A. lohiculus reflect morphological similari- 
ties between taxa from the Cylindrodontidae 
and Aplodontidae. The most prominent sim- 
ilarity between these two groups is probably 
development of the hypolophid. However, 
the hypolophid has a variety of shapes and 
is distributed in several taxa (Dashzeveg and 
Meng, 1998). The development of the hy- 
polophid varies within aplodontids (Rens- 
berger, 1975; 1982). In primitive forms, such 
as Prosciurus, the hypolophid is either long 
and extends to the ectolophid, such as in 
Prosciurus relictus (Wood, 1937: fig. 6f), or 
short and joins the hypoconulid, such as in 
Prosciurus vetustus (Black, 1965). On the 
other hand, Prosciurus has a short metalo- 
phid II that points medially or posteromedi- 
ally, a distinct mesostylid, a mesoconid, a 
long ectolophid, a broad sinusid, and a more 
posteriorly restricted hypoconid. These fea- 
tures distinguish aplodontids from cylindro- 
donts. By these features, except the meso- 
conid, Sespemys appears more similar to 
aplodontids than to sciurids. 

ASIAN ISCHYROMYIDS: Among species in 
the Ischyromyidae, Flynn et al. (1986) sug- 
gested Hulgana should be placed in Cylin- 
drodontidae. Hulgana was originally thought 
an early Oligocene rodent (Dawson, 1968), 
but the traditional early Oligocene of Asia is 
now considered to be late Eocene (Meng and 
McKenna, 1996, 1998; Wang, 1997a, b). 
Emry and Korth (1996a), however, believed 
the dentition of Hulgana to be that of a sim- 
plified ischyromyid rather than that of a cy- 
lindrodontid. The lower teeth of Hulgana are 
more sciurid-like in having the posterolo- 
phid—entoconid connection, a lack of a hy- 
polophid, the ectolophid more labially posi- 
tioned, and a broader talonid basin. Hulgana 
shows its primitiveness in having the anterior 
limit of the masseteric fossa between m2 and 
m3. Lack of the mesoconid and hypoconulid 
on the lower molars of Hulgana is similar to 
the condition in Proardynomys, but the most 
distinctive feature between the two genera is 
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the lack of the hypolophid in Hulgana. The 
MI assigned to Proardynomys shows some 
similarities to that of Hulgana. Both have an 
anteriorly positioned protocone, which con- 
nects to the labial cusps by protoloph and 
metaloph. Conules are not distinct and there 
is no sign of a discrete hypocone (Dawson, 
1968). If the assignment of the M1 to the 
new genus were correct, it suggests a certain 
affinity of Proardynomys to ischyromyid-like 
forms. Other Eocene ischyromyids, such as 
Taishanomys and Acritoparamys? from 
Wutu, China (Tong and Dawson, 1995), are 
primitive and cast little light on the relation- 
ships of Cylindrodontidae. 

CTENODACTYLOIDS: Most Asian rodents of 
the early Tertiary are ctenodactyloids (Daw- 
son et al., 1984; Flynn et al., 1986; Li et al., 
1989; Dashzeveg, 1990; Wang, 1994; Aver- 
ianov, 1996; Emry et al., 1998). However, 
the phylogeny and taxonomy of this group 
have been controversial. Although placed in 
the Ctenodactyloidea, these rodents were fur- 
ther subdivided into three families: Coco- 
myidae, Yuomyidae (Dawson et al., 1984; 
but see Dashzeveg, 1990 and Averianov, 
1996), and Chapattimyidae (Hussain et al., 
1978; Flynn et al., 1986). These families are 
probably paraphyletic (Dashzeveg and Meng, 
1998). McKenna and Bell (1997) did not use 
the superfamily Ctenodactyloidea in their 
classification of mammals; instead, they con- 
sidered the three families as subfamilies and 
placed them, with the fourth subfamily Bal- 
uchimyinae, in the family Chapattimyidae. 
Despite the taxonomic problems, similarities 
have been noticed between primitive cylin- 
drodonts and ctenodactyloids such as Yu- 
omys and Petrokzlovia (Li, 1975; Shevyreva, 
1976; Hussain et al., 1978; Averianov, 
1996). For instance, Li (1975) proposed three 
possibilities for the taxonomic placement of 
Yuomys: (1) as a new family or subfamily; 
(2) as a member of Cylindrodontidae; or (3) 
as a member of Ischyromyidae. Li chose the 
last assignment. 

Yuomys resembles cylindrodonts in having 
a complete hypolophid that joins the ectolo- 
phid in front of the hypoconid, the lack of 
the mesoconid, and the development of crests 
on molars. It differs from cylindrodonts in 
several aspects: the P4 and p4 are molariform 
and larger than the M1 and m1 respectively; 
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the metalophid II is short and incomplete on 
lower molars; the hypoconulid is distinct; the 
posterolophid does not extend to the lingual 
side of the molars; the hypocone is well de- 
veloped and lingual to the protocone on M1 
and M2; the metaloph does not reach the pro- 
tocone; and the skull is hystricomorphous. 
The cheek teeth assigned to Petrokozlovia 
show considerable variation (Averianov, 
1996). The holotype Petrokozlovia notos 
(Shevyreva, 1976: fig. 6V, pl. II, 4v) is ac- 
tually not significantly similar to early cylin- 
drodonts in that, for instance, the hypolophid 
is incomplete and the expanded hypoconid 
does not project anterolabially. Other speci- 
mens of Petrokozlovia (Shevyreva, 1976; 
Averianov, 1996) show that upper molars 
have low anterior cingula, incomplete meta- 
lophs, and distinct conules and hypocones. 


DISCUSSION 


The phylogenetic position of the Cylindro- 
dontidae has been controversial. Wood 
(1980, 1981, 1984) included this family in 
his infraorder Franimorpha based on the sub- 
hystricognathous mandible. According to 
Wood, Franimorpha plays a central role in 
the origin of Caviomorpha and Hystricog- 
nathi. Several workers (Korth, 1984; Luckett 
and Hartenberger, 1985; Wilson, 1986; 
Meng, 1990; Emry and Korth, 1996a), who 
consider that the subhystricognathous man- 
dible is not significant and that other features 
demonstrate the paraphyly of Franimorpha, 
disagree with Wood’s hypothesis. Further- 
more, Emry and Korth found no dental and 
cranial features to support the inclusion of 
Cylindrodontidae in the Hystricomorpha and 
considered the phylogenetic position of Cy- 
lindrodontidae undetermined. 

A new proposal regarding the relationships 
of Cylindrodontidae was made by Averianov 
(1996) in his review of Eocene ctenodacty- 
loid rodents from Asia. Averianov (1996: 
657) stated: 


The monophyly of the three rodent groups, Cylindro- 
dontidae, Ctenodactylidae, and Baluchimyinae (not 
used here), seems to be indisputable. As the Chapat- 
timyidae do not include all the taxa that have been 
nested within it (Cylindrodontidae, Ctenodactylidae, 
and three genera of tamquammyids), it is not a mono- 
phyletic taxon, but paraphyletic. It is considered here, 
following Wood (1977) and Hartenberger (1982), as 
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a lower grade within ctenodactyloid rodents, but re- 
quires family status. The protrogomorphy of cylin- 
drodonts may be secondar[il]y derived, as in the case 
of the Bathyergidae (Maier and Schrenk, 1987). 


As we pointed out in a separate study (Dash- 
zeveg and Meng, 1998), Averianovs conclu- 
sion either implies paraphyly of the cteno- 
dactyloid rodents or suggests the Cylindro- 
dontidae a subgroup within ctenodactyloid 
rodents. Each of the two possibilities requires 
a reversal of the protrogomorphy of Cylin- 
drodontidae from the histricomorphy of cten- 
odactyloids according to Averianovs phylog- 
eny. 

Several aspects of Averianov’s proposal 
are questionable. First, because the Miocene 
Baluchimyiinae (Flynn et al., 1986) was not 
included in Averianov’s cladistic analysis, it 
is not clear how the indisputable monophyly 
of Cylindrodontidae, Ctenodactylidae, and 
Baluchimyinae was obtained. Second, Aver- 
ianov applied 17 characters to a group con- 
sisting of 20 taxa. This insufficient data set 
casts doubt on the resolution of calculated 
relationships. Third, although he did not 
specify the condition of the enamel ultra- 
structure in Ardynomys, Averianov coded it 
aS primitive, the same as in several primitive 
forms such as Tribosphenomys, Cocomys, 
and Paramys. The enamel ultrastructure of 
these latter taxa is pauciserial (Wahlert, 1989; 
Martin, 1992; Meng and Wyss, 1994). Given 
that the multiserial condition (as in Tataro- 
mys) and uniserial condition (as in Ardyno- 
mys) are probably derived independently 
from the pauciserial condition (Martin, 
1992), the Ardynomys—Tataromys sister 
group appears highly unlikely. Therefore, a 
generalization that Cylindrodontidae and 
Ctenodactylidae form a sister group is con- 
tradicted by this character. Fourth, it is un- 
clear what Averianov uses as the taxonomic 
content of the family Cylindrodontidae. Av- 
erianov included only Ardynomys as repre- 
sentative of Cylindrodontidae and Tataromys 
as representative of Ctenodactylidae in his 
analysis but stated (1996: 643), ‘In cheek 
tooth morphology (especially lower teeth) 
Petrokozlovia is basically similar to early cy- 
lindrodonts (e.g., Ardynomys and Hulgana).”’ 
Apparently, Hulgana (Dawson, 1968) was a 
member of the Cylindrodontidae according 
to Averianov. As we mentioned above, Hul- 


14 AMERICAN MUSEUM NOVITATES 


gana has not been established as a cylindro- 
dont. Nonetheless, if Hulgana was a cylin- 
drodontid, then the character states scored for 
cylindrodonts should be reconsidered. For in- 
stance, P3 absent, metaconule absent, and 
hypolophid complete were scored by Averi- 
anov as derived conditions in Ardynomys, 
and the first two were the only synapomor- 
phies that diagnose the Ardynomys—Tataro- 
mys pairing. However, P3 is present and the 
hypolophid is absent in Hulgana (Dawson, 
1968), which creates inconsistency for char- 
acters applied to Cylindrodontidae as a 
whole. Finally, although absence of P3 is a 
derived feature for Ctenodactylidae (Wang, 
1994, 1997a), P3 is present in all cylindro- 
donts, with the possible exception of Cylin- 
drodon (Burke, 1936, 1938; Wood, 1970; 
Dashzeveg, 1996) for Emry and Korth 
(1996a) have noted P3 or possibly dP3 in 
Cylindrodon. Therefore, absence of P3 is 
certainly not a synapomorphy for Ardynomys 
and Tataromys. Cylindrodontidae may have 
evolved from Asian ctenodactyloids, but if 
this is the case, the departure of these two 
families is unlikely at the level at which Ar- 
dynomys and Tataromys form a sister group. 
From the above discussion, we believe that 
the Cylindrodontidae—Ctenodactylidae sister 
group is not supported by sufficient evi- 
dence. The new material described here and 
ctenodactylid-like forms reported elsewhere 
(Tong, 1997; Dashzeveg and Meng, 1998) 
suggest that Cylindrodontidae and Ctenodac- 
tylidae are distantly separated lineages. 
Although Emry and Korth (1996a) consid- 
ered the systematic position of the Cylindro- 
dontidae uncertain, they pointed out that cy- 
lindrodonts have been regarded as a primi- 
tive group of rodents, not far derived from 
the protrogomorphous-sciurognathous ro- 
dent stock. Based on evidence of cranial fo- 
ramina, Wahlert (1974) suggested that cylin- 
drodonts were related to ischyromyids; he 
considered cylindrodonts as a subfamily of 
the Ischyromyidae. The new taxon supports 
those authors assessments because it further 
demonstrates several similarities between cy- 
lindrodonts and primitive forms such as 
North American paramyids. These similari- 
ties include a molariform p4, the p4 trigonid 
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basin longitudinally oriented and open ante- 
riorly, the hypoconid labially or anterolabi- 
ally or both extended in some taxa, a proto- 
conid—hypoconid wear pattern, and a poorly 
developed hypocone on upper molars. Al- 
though a clear picture of the relationship is 
yet to emerge, we speculate that cylindro- 
dontids are probably related to Sciuridae and 
Aplodontidae. 

In considering that Oligocene cylindro- 
donts were all derived independently from 
the Eocene Mysops, Wilson (1949: 95) stat- 
ed: 


The cheek teeth of Ardynomys are less specialized 
than those of Cylindrodon, and also on the whole than 
those of Pseudocylindrodon. At least, Pseudocylin- 
drodon neglectus resembles Cylindrodon more close- 
ly that does Ardynomys. The dentition of P. medius, 
however, is closer to that of Mysops than is that of 
any other Oligocene member of the group. Cylindro- 
don and Pseudocylindrodon appears to be more re- 
lated to each other than either is to Ardynomys. 


However, Wood (1970) believed that Ardyn- 
omys and Pseudocylindrodon are more close- 
ly related than either is to the more hypso- 
dont Cylindrodon. The new material dem- 
onstrates that on the one hand Ardynomys is 
more readily derivable from Proardynomys 
and on the other hand Proardynomys is not 
a descendant of Mysops because Proardyn- 
omys 1S more primitive than Mysops in sev- 
eral aspects, as mentioned above. This sug- 
gests that Proardynomys and Mysops may 
represent two evolutionary lineages within 
the Cylindrodontidae. These lineages may 
have evolved from a morphotype that had a 
Mysops type of enamel microstructure and 
molar patterns similar to that of Proardyno- 
mys. 
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